Abstract. The effect of the rare earth element Y on the microstructure and hardness of (Mg-0.5Zn-0.5Zr-2.8Nd -1.5Gd) wt% Mg alloy investigated. 1 wt. % Y was added and compared with the base alloy. The microstructure results show the refinement of the grain by the addition of Y and the grains became smaller about 31.8 % and the volume fraction was increases 11.1% %, which led to the increment of hardness from 48.33 HV (as-cast EV31A) to 53.71 HV (as-cast EV31A +1 Y). Energy dispersive spectroscopy and X-ray diffraction results showed that the base alloy mainly contained α-Mg matrix and Mg-(Nd, Gd) as a second phase crystallized along the grain boundaries and addition of(Y) yttrium resulted in the formation of the new phase, Mg-Zn-Y-phase was found as a new ternary phase, where Y combined with the original second phase.
Introduction
In recent years, urgent developments of new light structural materials for an aircraft are strongly desired in terms of reduction of fuel efficiency as well as for an automobile [1] .Magnesium alloys are characterized by low density and good mechanical properties; however, the limited mechanical strength of magnesium alloys, especially in elevated temperature, has retarded their applications [2, 3] . To meet the demands of more applications, magnesium alloys with low cost, high strength and excellent elevated temperature properties must be developed [4] . One of the typical approaches to improve the mechanical properties of Mg alloys is micro-alloying [5] . Recent years, magnesium alloys of high strength and heat properties have been obtained by adding rare earth elements [6] . The rare earth elements have beneficial effect of on the creep properties, corrosion and thermal stability of structure and mechanical properties of magnesium alloys [7] . It has been demonstrated that magnesium (Mg) alloys containing gadolinium (Gd) and yttrium (Y) possess high strength, creep-resistance and wear-resistance [8] . Zn is responsible for improved hardness, tensile strength and elongation, Zr reduces microporosity of casts, provides good fatigue resistance also at elevated temperature and is responsible for grain refinement [9] .Neodymium also improves the castability of magnesium alloys. Magnesium-gadolinium system is one of the most promising candidates due to the remarkable age-hardening response and very good thermal stability of main strengthening phase (Mg5Gd) up to 250 °C [10] . It was reported that magnesium alloys containing rare earth (RE) element, such as yttrium, exhibit excellent mechanical properties at room temperature [11, 12] . Several ternary phases occur on addition of yttrium , most prominently a hexagonal Z phase, a cubic W phase and an icosahedral quasicrystal phase [13] . Generally, there are two kinds of ternary equilibrium phases in Mg-Zn-Y and Mg-Zn-Y-Zr systems. They are W-phase (Mg3Zn3Y2, cubic structure) and I-phase (Mg3Zn6Y, icosahedral quasicrystal structure, quasi-periodically ordered) Mg-Zn-Y-Zr alloys can be also expected to contain these three kinds of phases [14] . In previous work, it indicates that W-phase basically has no strengthening effect on Mg-Zn-Y-Zr system alloys and the strength of alloys degrades greatly with the increase of W-phase [15] . In the present study, the effects of Y on the microstructure and, hardness at room temperature of EV31a magnesium alloy were investigated.
Experiment Procedure
An as-received EV31A Mg alloy was chosen as a reference alloy, whose chemical composition (in wt. %) was used as below. The RE element Y was added in the form of the EV31A +1Y alloy. The RE element Y was added in the form of the base alloy. Pure Y used in this work consisted of approximately (wt. %) >99.9% Y. Melting of the base alloy was conducted in an electrical resistance furnace with a steel crucible under a cover gas mixture of Ar and SF6. 1 wt. % of yttrium was added as small pieces, after the base alloy melted around 750 °C and then increases the temperature and kept at 780 °C with stirring for a few minutes to homogenize and ensure dissolution of alloying elements. Then, molten metal was poured in a preheated steel mold at 730 °C. The samples taken from the central section of casting were grinding with silicon carbide papers and a final grinding is done by 1200 and 2400 grit papers, followed by polishing with 0.3 micron α-alumina and use (95% alcohol and 5% hf) solution for etching . The hardness measurements were obtained using Matsuzawa DVK-2Vickers hardness device. Each reading represents an average of ten measurements. The microstructure observations are determined using Nikon optical microscope device and Scanning Electron Microscopy SEM (JEOL-JSM-6380LA), equipped with an EDS detector.
Results and Discussions
Microstructure. The optical microstructures of EV31A and EV31A +1 Y alloys are shown in Figure 1 . It can be seen that the microstructure of the base alloy was changed, with the addition of Y and the grains number increased, which means that the grain size was reduced by Y addition. Because of Y and Mg are with hexagonal close-packed (HCP) crystal structure with similar lattice parameters, and they have similar atom radii. According to this principle of "size and structure matching", Y can act as heterogeneous nucleation for a-Mg phase to restrain the growth of grain, so Y has good effect on grain refinement [4] . Generally, rare earth elements have grain refinement effects on magnesium alloys. Using the intercept method specified in ASTM E112-04, the average grain sizes of αMg (base alloy and base alloy +1 Y) can be determined about 383.84 µm and 261.53 µm respectively. The result of grain size refinement has a good agreement with, where they reported that the grain sizes of the as cast reduced by 31.8% [16] . In addition, the effects of element Y can be mainly ascribed to that of Y can
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change the solution degree of Zn, which decreased the solidus curve and time for nucleation and then reduced the grain size [17] . Similar result was obtained the grain refinement is found in MgZn-Y-Zr alloys especially with 5.92 %Y addition [11] .Therefore, it can be concluded that Y addition to EV31A alloy is effective to refine grains of the alloy. The values of the volume fraction evaluated by an image analysis method specified in ASTM E112-04. A more complete view on the volume fraction of second phases is increasing with addition of Y to the EV31A magnesium alloy 28.67%, 32.83% respectively. In addition, the additions of Y to the Mg-Zn-Zr alloy result an increase in the volume fraction of the interdendritic compounds [3] .SEM observations showed that the microstructure of base alloy consists of solid solution structure α-Mg grains, surrounded by intermetallic phase on grain boundaries. The EDS results for base alloy showed that the matrix consists of magnesium and a small amount of zirconium and binary phase Mg 3 (Nd, Gd) [18] .SEM observation and EDS results of EV31A +1 Y alloy are shown in Fig (2) . It showed that the EV31A +1 Y alloy consisted of two phases, the α-Mg matrix and intermetallic compound contain Mg,Gd,Nd,Zn,Zr,Y which means that Y combined with the intermetallic phase, thus continuously distributed along the grain boundaries. New second phase formed with the Y addition on Mg3(Nd, Gd). Combination of alloying rare earths with elements decreasing the solubility of rare earths in Mg and simultaneously forming thermally stable plate shaped particles on the basal planes. This is clearly a promising method of developing creep resistant magnesium alloys.
Fig ( Hardness Test. As show on table, it can be seen that the average value of hardness was improved from 48.33 HV to 53.71 HV With the addition of 1wt. % Y. The increase in hardness value of base alloy with the Y addition is due to the grain refinement and also improved by the effect of intermetallic compound, where the grain size was decreased by 31.8 % and the hardness improved by 13%. Reported that hardness of AZ91 increased with 0.75 wt. % Y addition [19] . Moreover, the hardness of ZRE1 was improved by 13% with the Y addition [16] . The same result was reported that hardness of AZ91 increased with 0.9 wt. % Y addition. However, it is known that the mechanical properties of magnesium alloys are improved by rare earths additions [20] . 
Conclusions
In this study, the effect of the addition of Y on the microstructure and hardness of EV31A cast alloy was investigated. Thus, the following can be summarized: a) The Y addition has significant effect on grain size, while the grain refinement and size reduced by 31.8%. The volume fraction of second phases is increasing with addition of Y to the EV31A magnesium alloy 28.67%, 32.83% respectively. b) Addition of Y to EV31A Mg alloy leads to the formation additional intermetallic phases with approximate composition of Mg3Y2Zn3. The New intermetallic phase was formed by the Y addition with alloy elements (Mg-Zn-Y), which distributed along the grain boundaries. c) The hardness of EV31A was improved by 11.1% with the Y addition.
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